Introduction

48
Excessive phosphorus (P) discharge can trigger severe eutrophication in aquatic remediation engineering under field conditions.
80
As an element-specific and in situ method to detect the molecular structures of 81 reacting species, X-ray absorption fine structure (XAFS) spectroscopy, including X-ray 82 absorption near edge structure (XANES) and extended X-ray absorption fine structure at 333 K until pH 9.0. Then the mixture was stirred for 2 h and aged for 24 h at 333 K.
111
Precipitates were washed three times with deionized water and freeze-dried for 24 h.
112
Powders of Al(OH)3 and La(OH)3 were synthesized by the same process to act as 113 controls (Details are provided in the Supporting Information).
114
To obtain the exact content of La and Al in the LAH, samples were digested in 6 mol Ltd, Australia) was also characterized by the same procedures described above. Information.
167
Results
168
Characterization. The physiochemical properties of the three synthesized LAH 169 materials, commercial product Phoslock ® and Al(OH)3 were summarized in Table 1 .
170
The La mass proportion of LAH-1/30 was 5.3%, which was close to that of Phoslock ®
171
(5.6%). The La mass proportions of LAH-1/20 and LAH-1/10 were 7.8% and 13.1%, The XRD analysis suggested that LAH were mainly composed of Al(OH)3 (PDF NO. (Table S1 ). LAH-1/10 had the maximum PO4 adsorption 209 capacities (Qm) of 128.2 and 70.4 mg P g -1 at pH 4.0 and pH 8.5 (Table S1 ). 1/20 and LAH-1/10 were 6.8 ± 0.7, 6.5 ± 0.4 and 6.1 ± 0.3 (Table S2 ), respectively. Al CN of La-P shell were about 2.5 (Table S3) . Additionally, the original CN of La-O shell 257 in Phoslock ® was 8.9 ± 0.8 (Table S2) , which was about 8.8 after PO4 adsorption (Table   258   S3 ). With increased La loading, the intensity of La-O peak became weaker in LAH 259 composite ( Figure S8b) . Besides, the attenuation rate of χ(k) of LAH was faster than 260 that of La(OH)3 ( Figure S8a ). In accordance with XRD spectra (Figure 1a) , La LIII-edge
261
EXAFS spectra also proved that amorphous La(OH)3 was formed in LAH during the
262
La/Al co-precipitation process. 
273
When solution pH was lower than 9.7, LAH were protonated and positively charged. surfaces, which could enhance the electrostatic attraction between LAH and PO4 anions.
279
Owing to the higher surface charge and more protonated active sites, LAH-1/30 showed 280 a higher PO4 adsorption capacity (76.3 mg P g -1 , Table S1 ) at pH 4.0 than that (45.3 mg 281 P g -1 , Table S1 ) at pH 8.5. Although La(OH)3 is also positively charged under natural with Al-hydroxide were 2.07 and 1.22 times higher than those with La-hydroxide at pH 298 4.0 (Figure 5a, b) . On the contrary, the proportions of PO4 bonded with Al-hydroxide
299
(Al-P, 47.4% and 45.9%) were less than those with La-hydroxide (La-P, 52.6% and 300 54.1%) at pH 8.5 (Figure 5c, d) . The fitting data showed PO4 was preferentially bonded complexes. 31, 32 In this study, the XANES measurement provided strong evidence that 305 a ligand exchange mechanism played a role both at pH 4.0 and 8.5.
306
It was reported that higher alkaline condition (pH 9.5) might result in the dissolution 307 of Al(OH)3 and the release of PO4 concomitantly. 17 However, the Al 3+ and PO4 released 308 proportions in LAH were both very low at alkaline conditions ( Figure S4, S5) .
309
According to La LIII-edge EXAFS analysis, a La-Al shell was formed in LAH samples 310 ( PO4 complex might also be formed when pH changed to the low value of 4.0.
317
The oxygen defects on La compound. EXAFS analysis showed that La-O CN of 318 LAH-1/30, LAH-1/20 and LAH-1/10 were 6.8 ± 0.7, 6.5 ± 0.4 and 6.1 ± 0.3 (Table S2) EPR spectrum demonstrated the presence of oxygen defects on the surfaces (Figure 1b) .
325
It was reported that the surface defect sites were more reactive than the perfect (Table S1 ), respectively, which might be also attributed to more amounts of (Table S3) , which was similar to its original CN of 8.9 (Table S2) . While, the average 335 La-O CN of LAH after PO4 adsorption increased to 7.5 (Table S3 ) compared to its 336 original average value of 6.5 (Table S2 ). The change of La-O in LAH before and after
337
PO4 adsorption proved the role of oxygen defects on LAH to facilitate PO4 adsorption.
338
It was reported that the oxygen defects on Al compound were not observed until the 339 material was calcined at above 473 K. 42 Therefore, the role of oxygen defects on La 340 compound for PO4 adsorption, not Al compound, was the major consideration in 341 present study since the prepared temperature of LAH was 333 K.
342
After PO4 adsorption, a new La-P shell was detected in LAH samples (Table S3) .
343
The distance of La-P shell was at 3.20 ~ 3.31 Å ( 
